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Abstract

Liquid *He -*He mixtures are the arch example of mixed Bose and Fermi liquids in nature. Taking advantage of the high energy neutrons available at the ISIS spallation source and the high resolution of the MARI instrument, we have measured the
Bose-Einstein condensate fraction and the momentum distribution of *He and *He atoms in “He -*He mixtures to new accuracy. We find that the condensate fraction increases only slightly above the pure “He value with increasing *He concentration x. This
agrees with several calculations but is in contrast with the only single previous measurement of ng in *He -*He mixtures, thus resolving a long-standing disagreement between theory and experiment. We also find that the observed “He n(k) is not well fitted with
a a Fermi step function alone. A high momentum tail in n(k) is needed to get a good fit - a tail that is consistent with calculated tails in n(k). The °He atomic kinetic energy, (K3), depends almost entirely on the tail. The tail is difficult to determine accurately
in neutron scattering experiments. Thus (K3) is not a well determined quantity which explains why previous observed and calculated (K3) disagreed substantially. Measurements of the dynamics of single atoms and molecules in materials are ideally done at
spallation neutron sources and the SNS will greatly expand opportunities in this field.
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To obtain the atomic kinetic energies and the *He condensate fraction, the single particle atomic momentum distribution, n(k), must be measured. N e : HoHo mixures Ho'tomiures
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atoms in the liquid. If there is a condensate present, the fraction of atoms with zero momentum, n, contributes an unbroadened peak to S(Q,w) at | a2’ 02 ('Fixed) | | emen f 1 {i_tﬁ:mta" e o { :%%% . | f : =084

W = wp, Where wp = Q2 /2M is the free, stationary atom recoil frequency and M is the atomic mass. If the interaction of the recoiling atoms with - [ ot | o < .l P4 M=o = | 1=0.0%

their neighbours is neglected, ng can be extracted directly from S(Q,w). For sufficiently large momentum transfers, () > 20 A=L the scattering 30-10- g S o

involves only single-particle correlations, so that the scattering from individual He and 4He atoms can be considered to be independent. This is CoL -

known as the impulse approximation (IA). In this IA, S74(Q,w) depends only on a single ‘y scaling’variable y = (w — wp)/vp and is conveniently 0 |
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where vp = hQ)/M and kQ — k.%. J1 4(y)is denoted the longitudinal momentum distribution. It follows that the recoil scattering from 3He and FIGURE 3: Typical fit to data (x=5% at T=2.5 K). The figure on the left shows that a good FIGURE 4: The Sfame déta Sét is shown In both graphs. T}.le .ﬁgures show that g_OOd fits to the

4He will be centred at Wh for each mass, SO the signal from the two isotopes will be clearly separated (see Flg 1) Fittil’lg Eq. 1 to the data, USil’lg fit to data is obtained if a calculated tail (ar = ap.kp) is assumed. The figure on the right shows Samidatakcan;; o;ta;ned vv1t1: (?lllfferen(ti.i;ts ;ftpa;aine:efrs. Tg;\fsfzu:d tIo be spemﬁc;al@lly trule for

an appropriate model of n(k) for each isotope with adjustable parameters yields the condensate fraction and the respective kinetic energies. that when a Fermi step function alone is assumed for n(k), the fit to data is poor. L SRR A e R AR

the calculated ap is assumed, and the observed (K3) agree to within 20% of the calculated (K3).
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The goal of this work is to determine the Bose-Einstein condensate fraction and the *He atomic kinetic energy as a function of SHe concentration b TS 164
() by means of DINS. Another interesting aspect investigated in this work is the SHe momentum distribution ns(k). ' e=(Current) _ L,
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—- *He ! i | FIGURE 5: Left figure: ‘He kinetic energy (K,) as a function of x obtained from theory and experiments. The open stars represent the current data at T=2.5 K. Other experimental values of
o<l = “He | \ = (K4) (open squares) are from reference [2]. The figure shows also VMC calculations [3] for *He (closed pentagons), HNC calculations using a Jastrow function [4] (closed diamonds), HNC including triplet
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f::; 10+ ! . - = correlations [4] (closed squares). Right figure: The condensate fraction, mg, as a function of the *He concentration, from various experiments (open symbols) and calculations (close symbols). The present
% l:l \ 'ff X measurement is represented by the open stars; the open square is from [5]. The theoretical calculations are represented by the closed symbols as follows; circles: VMC [3], triangles: HNC(Jastrow [4]),
,ll “ [ "1_ [ L : squares: HNC(+triplet correlations) [4], hexagons: HNC(Lennard-Jones) [6], diamonds: HNC(Aziz potential) [4].
; 1) ! ! :
2 ! l‘ . .f; E‘a |
o Bt Y | Conclusions I
ffr ............................. .\“?f ......................... L \_';' -
0 ] R <l I i, T e K p 3 A
-8 -6 -4 -2 0 2 4 6 8 F k (A7) In summary, we have performed high resolution measurements of the momentum distribution of “He-*He mixtures in both the superfluid and normal
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y (A ) phases for SHe concentrations z between 0 and 20% in steps of 5%. We find that the Bose-Einstein condensate fraction ng in the SHe-*He mixtures
increases only marginally with increasing z, from 7.25+0.75% for the bulk data (z = 0%) to 11.24+1.85% for x = 20%. In our SHe
FIGURE 2: Our proposed model of the Fermi momentum distribution, r(k), for *He that ac- momentum distribution model, (K3) depends entirely (99%) on the high momentum tails. Our result is to be compared with the
counts for the high energy tails is depicted above. The model has 3 adjustable paramters (ar, Ho, H) calculations of Boronat and collaborators [4] which found that 92% of (K3) are due to k in n(k) above kp. We note that these tails are difficult to
FIGURE 1: MARI Data showing J(Q,y) for the mixture *He-*He at 10% *He concentration. defined below. extract from DINS data, thus (K3) alone is not a good description of n(k) and it should be abandoned as a comparison parameter of theory
The data is presented with the *He peak centered at ys = 0. 3 P 1 el s and experiment for isotopic helium mixtures. Instead, the momentum distributions n(k) for SHe obtained from experiment and the calculated n(k)
| - - - | The "He momentum distribution n3(k) is modelled as follows: should be compared directly. The “He kinetic energy (K,) is found to be largely independent of .
The total scattering function is a combination of the scattering intensities
from both “He and *He atoms along their respective recoil lines. For a Hy k< kp
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